Although simulation of ecosystems by the technique known as systems analysis modeling has been becoming more popular over the last few years, I have never been convinced that it is the only route, or even the optimal route, to predictive theories about ecosystems. Nevertheless, I had the uneasy feeling that there must be something in it because a lot of brilliant ecologists have been practicing and preaching systems analysis very fervently.
For years I thought I should learn something about the subject, but kept putting off what I knew would be a difficult job until the arrival of Systems analysis and simulation in ecology, uolume 3, on my desk gave me the incentive to begin.
However, I soon discovered that the job was more difficult than I had imagined.
The book was simply bewildering.
Even the sections that looked easy were difficult to read. I once reached the point of pleading with an unsympathetic editor to let me keep the book without writing a review. (By that time there were too many undeletable expletives ball-penned throughout the text for me to return it. Furthermore, the beautifully designed dust jacket on the bookshelf deceived students into thinking that I had at last progressed beyond reading Liebig and Darwin. ) A completely negative response from the editor forced me to open the book again and after alienating myself from the rest of the family and suffering two imaginary, terminal illnesses, I finally got down to work.
It was pleasant to discover that Part II is easier to read than Part I. What really disconcerts the nonmodeler is Part I, which comprises seven chapters on the U.S.A. biome models. Chapter 1 prepares us for great things because it tells us that the objectives of the biome program were simply to solve all the problems that ecologists have been working on for generations.
In the second chapter our wild enthusiasm quickly changes to total bewilderment, because we have entered an unfamiliar world. It is a biology with a new language-a new paradigm.
In the old days, despite our professional fragmentation, ecologists could understand and be interested in the work of geneticists, embryologists, molecular biologists, and others although we were inadequately trained to make original contributions to these fields. Now, it seems that a branch of our own discipline is beyond some of us because the chapters on biome modeling left me bemused. Eventually the source of the difficulty became clear. Systems analysis modelers have a totally different publication paradigm. Whereas we (the oldies) tend to publish the results of experiments we have actually done, they (the modelers ) seem to be publishing the equivalent of experiments they intend to do. Perhaps a more appropriate analogy would be with a theorist publishing the incomplete sketch of a theory he hopes, one day, to complete. Having made this discovery, I found it much easier to read on and learn what Part I contained.
In fact, it contains little of interest for the oldies. Chapter 2 on the grassland biome was mainly a discourse on the mechanics, choice of language, and mathematics of modeling. It gave simplified descriptions of a few submodels in the form of crude flow charts, and a few example outputs, but no comparison of predicted with observed values. Chapter 3, on the eastern deciduous forest biome, is similar, but presents even less information about the model. It reads a little like an advertising brochure for a product that has not been invented. Chapter 4 on the desert biome and Chapter 5 on the tundra biome describe models that are a little further developed, but again a reader cannot learn about modeling from them or evaluate the models. For example, the desert group is reported to have progressed to the point where they have become able "to set up a firm base for modeling, and to chart a line of advance." (P. 93)
Chapter 6 on the coniferous forest biome is very interesting if you skip the introduction.
More than the other chapters, this one attempts to explore the human and philosophical problems that face a large modeling group. By now I do not need to tell you that this model is never exposed either. Chapter 7 is a critique and comparison of biome system modeling and it comes as an anticlimax. The author obviously had to grope for something to say. What is there to say about a theory that has not been published and which can always be defended as outdated by a more recent, but still undescribed model? Consequently, Watt's critique seems to be suggesting that the baby, if it exists, should be taught to run before it can crawl.
Part II has five chapters on models of freshwaterestuarine ecosystems. These describe models that appear to be more complete but much more restricted in scope. For example, Chapter 8 deals with only two components, algae and flies in a hot spring, a highly simplified system. Chapter 9 presents a second generation model of the community in a small woodland stream. Chapter 10, on a cove in Lake Texoma, is by far the bulkiest and in several ways the most interesting chapter. First, it contains more information than the others about the sources of biological information and biological ideas that gave rise to the system of compartmentalization and interactions put into the model. Second, it is unique in giving enough detail about the model that someone could actually run it and check its predictions.
Finally, it contains a truly bewildering set of statements about systems modeling-statements that cannot help but entertain an oldie. For example, it tells us that "there is an unsubstantiated belief among ecologists and modelers alike that no model can be better than the data that go into it" (p. 374) whereas the cove model shows the opposite.
How the model can show this is hard to see when "the greatest deficiency of the model lies in its relatively poor data base, making validation by comparison to empirically observed system behavior impossible. . . ." (P. 207 ) Perhaps this means that the only good model is the untestable model. Perhaps it means that given any set of data, good, bad, or hypothetical, a model can be constructed to fit it. I hope it does not imply that a model derived from erroneous data is as likely to make good predictions as is a model derived from accurate data. If this were true it would mean that a lot of ecologists have been wasting their time trying to develop methods that will allow them to measure system variables more accurately.
The last two chapters both describe practical attempts to model systems that have suffered from nutrient enrichment.
Their purpose is to predict the relation between various control programs and the improvement in water quality they might produce. Both of these models are complete and the outputs are compared with real data, the first to the western basin of Lake Erie, past and present, and the second to Lake Washington and San Francisco Bay. Considering that these are complex physical systems, the predicted levels of nutrients and algae are impressively close to the measured values.
Finally comes the important question. Should you read this book? My answer to this question is addressed exclusively to the oldies because any modeler worth his salt would have given up on this review before the end of the first paragraph. I don't recommend it to you. This is because I believe an oldie would go to this book for one of two reasons, either to learn how to become a systems modeler or to learn what systems modeling has to teach the nonmodeler.
For those who want to become involved in modeling, this book is more likely to be an obstruction than a guide. It does not tell us how to enter the strange new world. Those who merely want to learn what modeling has to tell them will not find what they want either. Overton does approach this question in Chapter 6, but does not deal with it carefully enough to help the outsider. I think this is a pity because the lessons from systems analysis are difficult to accept, but important for all ecologists. Perhaps I should try to amplify this statement.
The systems analysts are, or ought to be, preaching a great truth. Ecologists are studying a system-the biosphere. The essential characteristic of this or any other complex system is that it comprises interacting subsystems or components. One of our jobs is to predict future states of the biosphere, and as far as we know there are only two ways of getting the theory or theories that will make the needed predictions.
The first and most venerable method is to discover a pattern (a regularity or repetitive behavior) in the system. Once discovered, the pattern can be expressed quantitatively and is then predictive. At this stage the theory is merely a predictive tool and does not necessarily give us the feeling that we understand the system. It is an empirical theory and is holistic in that it arose from studies of properties of the intact system. It can refer to components of the system, even very small components, but as long as the measurements on these components were made in situ, the theory is holistic.
Having reached this stage we do one of two things. We attempt to falsify the theory or we search for an explanatory theory. We do not, as many of the chapters in this book seem to suggest, verify our theory. As Goodall said in Chapter 4, and many others have said before him, verification is nothing more than an increase in our faith, and our faith is strengthened by our repeated failure to falsify the theory.
The second method of dealing with the biosphere is to dismiss it as being too complex, patternless, or intractable, and study isolated subsystems, repetitively subdividing the whole system until the components we are dealing with are small and simple enough that we believe we will be able to perceive regularities in their behavior. If we succeed in producing theories that predict the behavior of the components, we then attempt to assemble these into a more general theory that will predict the behavior of the original system. This is the reductionists's approach. I am not concerned here with the relative merits of the holist or reductionist approaches, nor with the relative frequency of success of the two in the past, but with the rules that apply if we adopt the latter, because in these rules is the lesson that systems analysis modelers have to teach the oldies. The modelers are doing nothing more than accepting the consequence of the mental picture that traditional ecologists have developed over the last few decades. It is that the biosphere is a system in which there are multiple interactions among components. This is what we meant when we quit talking about food chains and began talking about food webs, when we began to be concerned with synergistic effects between species, and when we looked for inhibition of one species mediated by a chemical released into the medium by another. Modelers have told us that the consequences of this mental picture are simple. If we are working with a system in which every component is controlled more or less by every other component, we cannot expect to be able to predict the future states of one component of the system merely by quantitating its interaction with another component and producing a theory embracing only these two com-ponents.
Our reductionist theory must embrace aU components and all interactions and must predict the future states of all of these. In other words, the mental picture of the biosphere shared by the oldies and the modelers forces us to accept systems analysis modeling as the only appreach that we have thought of until now which has the potential to exploit studies of interactions between organisms. Because many of today's experimental ecologists are busy quantitating interactions between different species or between a species and some physical or-chemical property of the environment, we should be aware of the fact that our work can only contribute to an explanatory theory that makes useful predictions about the biosphere if it is used in a whole system mode1.l From what I have said until now vou might be tempted to believe that I am recommending a mass conversion of oldies to systems analysis modeling. This is not so, because there are some practical aspects of modeling that might justify our suspicions about it. The first of these is that interactions between species are often difficult to quantitate in situ. Consequently the modeler frequently has to use data derived from studies of pairs of species, or components, isolated from the rest of the system. An extreme example of this can be found in Chapter 10 where regeneration of phosphate from plankton is derived from measurements of the rate of accumulation of phosphate in a beaker of seawater containing concentrated, dead plankton. The nonmodeler might want to know how often measurements of this type are used, how the models respond to changes in the values of dubious interactions.
and whether the modelers think the I use of data of this type means that they have broken the rules they have laid down for the rest of us. Another problem with a practical origin is that the system described by the systems analysis modeler is inevitably incomplete. Modelers cannot afford to include all species, because the work required to quantitate all the interactions would be prohibitive, and because a model containing the required number of compartments and interactions would be too expensive to run on a computer. Consequently, unless the system being modeled is unusually simple, as for example the hot spring described in Chapter 8, most of the species, and all 1 This is really an overstatement intended to make an obvious point even more obvious. If one measures an interaction in situ without disturbing the system, then that interaction is a state variable of the system. Some of us are still looking for previously unmeasured state variables in the hope that they will reveal a regularity in the system that has hitherto eluded us. Thus, our measurements, if they are properly made, might contribute directly to an empirical, holistic theory without ever passing through the computers of the systems analysis modelers.
of the rare species, are omitted from the model. Furthermore, the number of interactions included between the restricted group of species in the model is very small. The Lake Texoma model which is "more abundantly interconnected ( 34% ) than any other known ecosystem model of similar scale at the present time" ( p. 372 ) omits many well known interactions between groups of aquatic organisms.
If the old method of studying two components of the system will not work, can we expect a model including a few more components and interactions to work? Are we perhaps playing the familiar game of 'how many hairs make a beard? These are questions the oldie would like to see answered, but he will be disappointed if he hopes to find any serious discussion of them in this book.
Finally, we might wonder whether it is even possible to deal with a system smaller than the biosphere, or perhaps, smaller than a continent. This kind of question must have been behind the U.S. decision to model biomes rather than ecosystems. Because we have drawn our dividing lines where interactions between spatially separated groups are weakest or least abundant, can we honestly believe that our models pertain to real systems?
If we have a model that works despite our best efforts to falsify it, all of the above questions are irrelevant, but thanks to the new publication paradigm adopted by the systems analysis modelers, they remain valid questions. Promises about models that will work when they are finally completed neither answer the doubts of the oldies, nor convert us to the new patterns of thought. I sincerely hope that the forthcoming volumes in this series will present us with well tested models, or deal seriously with the questions that we oldies would like to have answered. Despite its general title this book amounts to a textbook of limnology, strongly oriented toward the particular features of the inland waters, including streams, of Australia and New Zealand. The authors emphasize the unsuitability of existing textbooks for their purpose, an unsuitability that results from two special considerations.
The first of these is that their book puts heavy emphasis not just on the biology of inland waters but on faunistics, an area sensitive to the unusual character of the Australasian biota relative to that of the rest of the world.
If one could be satisfied with the de-
